Abstract
INTRODUCTION
Hepatocellular carcinoma (HCC), is the fifth most common cancer in the world and the second most common cause of cancer deaths, accounting for about 745000 deaths per year globally [1] . Chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections represent the leading cause of HCC (60%-70%), with a total incidence of 16/100000 globally [2] . The prevalence of HBV and HCV infections varies among geographic regions. In Japan, HCV-related HCC (C-HCC) is the most common HCC infection, accounting for approx. 70% of all HCC cases [3] . It is reported that the natural histories of C-HCC and HBV-related HCC (B-HCC) differ: HCV infection leads to the development of HCC mainly through indirect pathways (such as chronic inflammation, cell deaths and proliferation) whereas HBV causes HCC through direct and indirect pathways as it can integrate into the host genome, affecting cellular signaling and growth control [4] . HCC is thus typically found in HCV patients with cirrhosis, although it is sometimes found in HBV patients without significant liver cirrhosis.
Curative surgical resection is the most frequent therapeutic strategy for HCC. The influence of the patients' viral infection status on surgical outcomes has been well investigated. A meta-analysis in 2011 reported that non-B non-C (NBNC)-HCC patients showed significantly better disease-free survival (DFS) surgical outcomes; in addition, although the result was not statistically significant, the overall survival (OS) of NBNC-HCC patients was more favorable compared to that of both B-HCC and C-HCC patients [5] . This metaanalysis of 20 studies also reported that the OS and the DFS were not significantly different between B-HCC and C-HCC groups [5] . A Japanese nationwide study of nearly 12000 patients also reported that both the OS and DFS after surgical resection were not significantly different between the C-HCC and B-HCC groups, although the liver function in the C-HCC group was significantly worse than that in the B-HCC group [6] . Generally, lifestyle-associated factors such as metabolic disease, alcohol consumption, and smoking status have tended to be left out of investigations when discussing factors affecting the pathogenesis or surgical outcomes of viral-associated HCC. It is well known that lifestyle factors are significantly involved in the carcinogenesis of NBNC-HCC and it has been reported that metabolic factors correlate also with prognosis of NBNC-HCC [7] . Although epidemiological studies obtained evidence that smoking habit is involved in HCC carcinogenesis [8] [9] [10] , little attention has been paid to the relationship between smoking habit and surgical outcomes of HCC.
We recently analyzed the relationship between smoking status and surgical outcomes in patients with NBNC-HCC, and our analysis revealed that smoking habits are significantly correlated with the curatively resected surgical outcomes of NBNC-HCC [11] . We then speculated that if smoking habits truly affect the postoperative prognosis of NBNC-HCC by one or more unknown mechanisms, smoking habits might also affect the postoperative prognosis of viral-associated HCC patients. In addition, since the natural histories of NBNC-HCC, B-HCC, and C-HCC differ, the clinicopathologic characteristics associated with smoking status might be different per viral infection status.
We thus conducted the present study to (1) investigate the association between smoking habits and surgical outcomes in B-HCC and C-HCC patients who underwent curative surgery; and (2) clarify the clinicopathological features associated with smoking habits in patients with B-HCC or C-HCC.
MATERIALS AND METHODS

The patient series and our definition of smoking status
This retrospective study's protocol was reviewed by the Ethics Committee of the Faculty of Medicine at Saga University and approved (approval No. 28-23). The written informed consent for the use of their clinical information was obtained from all of the study' s patients. From 1984 to 2012, consecutive 477 cases of curative surgery for primary HCC at Saga University Hospital (in the city of Saga, which is located on the island of Kyushu, the southwestern-most of Japan' s main islands) were initially enrolled the study.
Definition of the HBV infection and HCV infection was
HBsAg-positive and HCVAb-positive in serological tests, respectively. We excluded the following patients: those with NBNC-HCC (serologically both HBsAgand HCVAb-negative) cases (n = 83) and those with co-infection of HBV with HCV (n = 9). Among the remaining 385 cases of C-HCC or B-HCC, we included only the cases for which all of the following information was available: the patient's age, gender, body mass index (BMI), diabetes mellitus status, smoking status (as defined below), alcohol abuse status, tumor size, status of portal vein invasion (Vp), number of primary tumors (solitary or multiple), T factor of the TMN classification, indocyanine green retention rate at 15 minutes (ICG R15), and serum alpha-fetoprotein (AFP) level. The final patient series was comprised of the 341 patients with viral-associated HCC (C-HCC, n = 273; B-HCC, n = 68).
We obtained the information about smoking status and alcohol abuse status from the patients' medical records. This information had been self-reported by the patients in an interview by medical staff. Each patient's smoking status at the time of surgery was categorized into never smoker, ex-smoker, and current smoker based on the definitions in our recent study [11] , as follows. 'Never smoker' is self-explanatory. 'Ex-smoker' was defined as having quit smoking completely ≥ 1 year before the patient's surgery. Definition of 'Current smoker' was an individual who continued to smoke within 1 year prior to the surgery.
We have defined alcohol abuse as a daily ethanol intake > 40 g for men and > 20 g for women.
Statistical analyses
Statistical analyses were performed by the authors Komukai S and Kawaguchi A, who are statisticians. The software JMP ver. 12.2 and SAS ver. 9.4 (SAS, Cary, NC, United States) were used for the statistical analyses. They compared pairs of groups by Fisher's exact test, the χ 2 test and Student's t-test, as appropriate. The patients' DFS, OS and disease-specific survival (DSS) were determined as described [11] . A univariate analysis and a multivariate analysis were performed using a Cox proportional hazards regression model.
The multivariate analysis was conducted in order to adjust the potential covariates in the comparison of smoking status groups; the patients' age and gender were always kept in the model, and other parameters were identified by the stepwise procedure using the P value threshold of 0.2. The complete patient series' median age (67 years old) was used as the age cutoff. The Kaplan-Meier method was used for calculating each of the postoperative survival curves. The log-rank test was used to compare the differences in survival curves. P value < 0.05 were accepted as significant.
RESULTS
Comparison of clinicopathological features and surgical outcomes between the HBV-related HCC and HCVrelated HCC patients
The clinicopathological features of 273 cases of C-HCC and 68 cases of B-HCC are summarized in Table 1 . The B-HCC group developed HCC at significantly younger ages (mean 57.15 years old) compared to the C-HCC group (mean: 67.16 years, P < 0.0001). Both the C-and B-HCC groups showed a male predominance, and the B-HCC patients showed a higher male predominance rate (86.76%) compared to the C-HCC patients (74.36%, P = 0.03).
Regarding smoking status, no significant difference was observed between the two groups although the B-HCC group tended to have more current smokers (47.06%) compared to the C-HCC group (32.23%). The status of alcohol abuse, diabetes mellitus, and BMI did not differ between the C-and B-HCC patients.
The percentage of ICG R15 was significantly higher in the C-HCC group compared to the B-HCC group (P < 0.0001), indicating that the patients with HCV infection developed HCC at a more advanced stage of chronic hepatitis compared to the patients with HBV infection. The serum AFP level of at the time of surgery tended to be higher in the B-HCC patients compared to the The factors found to be significantly correlated with disease-specific survival were smoking (current vs other; P = 0.0483), tumor size (P = 0.0070), Vp (P = 0.0177), and T factor (P = 0.0315). The survival curves per smoking habit are demonstrated in Figure 2A -C. The current-smoking group showed significantly poor survival curves compared to the never + Ex patient group for both OS and DSS. However, no significant difference was observed in DFS between the currentsmoking group and never + Ex patient group.
Multivariate analysis results per smoking status in HCVrelated HCC patients
The results of the multivariate analyses for DFS, OS and DSS are summarized in Table 3 . Current-smoker status showed no correlation with DFS (P = 0.2364). The factors that were significantly correlated with DFS were alcohol abuse (P = 0.0025), BMI (P = 0.0165), ICG R15 (P = 0.0027) and T factor (P < 0.0001). In the multivariate analysis for OS, current-smoker status was significantly correlated with OS (P = 0.0039). The only other factor that was significantly correlated with OS was T factor (P = 0.0005). The factors significantly correlated with DSS were current-smoker status and T factor (P = 0.0416 and P = 0.0226, respectively).
Univariate analysis results and survival curves for the HBV-related HCC patients per smoker status
The results of the univariate analyses for surgical outcomes in the B-HCC group are summarized in Table   C -HCC patients, but the difference was not significant. The tumor sizes in the B-HCC group were significantly larger than those of the C-HCC group (mean tumor sizes 49.72 mm vs 37.37 mm, P = 0.0052), and the percentage of Vp was significantly higher in the B-HCC group compared to the C-HCC (42.65% vs 27.11%, P = 0.0125). There was no significant difference regarding T factor or multiple occurrence between the B-and C-HCC groups.
We compared the surgical outcomes (DFS, OS, DSS) of the B-HCC and C-HCC groups and found no significant difference between the groups in DFS, OS or DSS (Figure 1 ).
Univariate analysis results and survival curves per smoking status in the HCV-related HCC patients
The results of the univariate analyses for surgical outcomes in the C-HCC patient group are summarized in Table 2 . The factors that were significantly correlated with the DFS of the C-HCC patient group were alcohol abuse (P = 0.0321), BMI (P = 0.0270), ICG R15 (P = 0.0088), tumor size (P = 0.0305), multiple tumors (P = 0.0021), and T factor (P < 0.0001). Smoking status was not correlated with the DFS of the C-HCC patients.
The factors that were revealed to be significantly correlated with the OS of the C-HCC patient group were smoking (current vs other; P = 0.0144), serum AFP level (P = 0.0402), tumor size (P = 0.0019), multiple tumors (P = 0.0001), Vp (P = 0.0004), and T factor (P = 0.0008). 4. The factors that were significantly correlated with the DFS of the B-HCC patient group were alcohol abuse (P = 0.0183), multiple tumors (P = 0.0002) and T factor (P = 0.0042). The factors significantly correlated with the OS of the B-HCC group were the serum AFP level (P = 0.0015), multiple tumors (P = 0.0001), Vp (P = 0.0035), and T factor (P = 0.0001). The factors revealed to be significantly correlated with diseasespecific survival were the serum AFP level (P = 0.0114), multiple tumors (P = 0.0013), Vp (P = 0.0362), and T factor (P = 0.0019).
The survival curves of DFS, OS and DSS per smoking status are demonstrated in Figure 2D -F. Smoking status was not correlated with the DFS, OS or DSS of the B-HCC patients.
Multivariate analysis results regarding smoking status in the HBV-related HCC patients
The results of the multivariate analyses are summarized in Table 5 . The two factors that were significantly correlated with the DFS of the B-HCC patients were alcohol abuse (P = 0.0119) and multiple tumors (P = 0.0004). The factors that were significantly correlated with the patients' OS were alcohol abuse (P = 0.0312) and multiple tumors (P = 0.0001). The only factor that was significantly correlated with disease-specific survival was multiple tumors (P = 0.0009). Currentsmoker status showed no correlation with any DFS, OS or DSS.
Comparison of clinicopathological factors per currentsmoker status in the HCV-related HCC and HBV-related HCC groups
To clarify the clinicopathological characteristics of the current smokers in the C-HCC and B-HCC groups, we performed subset analyses regarding the clinicopathological factors per current-smoker status (Table 6) .
Among the C-HCC patients, the current smokers DFS: Disease-free survival; OS: Overall survival; DSS: Disease-specific survival. were slightly but significantly younger than the never + Ex patients (mean age 65.34 years vs 68.02 years, P = 0.0153) at the time of surgery. The current smokers showed significant male predominance (P < 0.0001) and had a significantly greater incidences of alcohol abuse (P < 0.0001). The BMI and ICG R15 values of the current smokers were both significantly lower than those of the never+Ex patients (P = 0.0031 
Figure 1 Kaplan-Meier curves according to viral infection status for disease-free survival (A), overall survival (B) and disease-specific survival (C). DFS:
Disease-free survival; OS: Overall survival; DSS: Disease-specific survival.
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and 0.0005, respectively). No significant difference was observed in diabetes mellitus, serum AFP level, tumor size, multiple tumor, Vp, T factor, or recurrence between the current smokers and the other patients.
In the B-HCC patient group, although the current smokers were significantly younger (mean age 53.66 years vs 60.25 years, P = 0.0284) and showed a significant male predominance (P = 0.0204), no significant difference was observed in any of the other factors between the current smokers and the other patients.
DISCUSSION
There have been many studies regarding cigarette smoking and the risk of developing HCC, and a recent meta-analysis confirmed the relationship between smoking and an increased risk of HCC development and mortality from HCC [12] . Including our previous study [11] , there have been only a few studies focusing on the correlation between smoking status and the surgical outcomes of hepatectomy or liver transplantation for HCC [12] [13] [14] [15] . The present study is the first to compare C-HCC and B-HCC regarding smoking status and surgical outcomes.
The most salient finding of this study is that the correlations between smoking status and surgical outcomes were notably different between the B-HCC and C-HCC patient groups. Although the currentsmoking habit affected the surgical outcomes of the C-HCC patients, no significant association was found between smoking status and surgical outcomes in the B-HCC patients. As the current-smoking habit was revealed as an independent prognostic factor for both the OS and disease-specific survival in our C-HCC group, the tumors that had developed in the current smokers were indicated to have more aggressive malignant potential than the tumors that developed in the neverand ex-smokers. The continued elucidation of the pathological and molecular mechanisms underlying the development is a very important research focus, and we suspect that the difference in the natural histories of C-HCC and B-HCC is a key factor in the difference in the smoking status and surgical outcomes between B-HCC and C-HCC. Generally, HCV-infected individuals develop HCC after long-term chronic hepatitis, and C-HCCs are typically found in patients with cirrhosis [16] . Activated inflammatory cells release reactive oxygen species and induce lipid peroxidation, which promotes a prooncogenic environment and DNA damage [17] and increases DNA methylation [18, 19] . Thus, C-HCC develops mainly via an indirect pathway caused by chronic inflammation and an epigenetic process.
Although the mechanism of the carcinogenesis of HCC due to smoking has not been fully elucidated, it is reported that smoking yields chemicals with oncogenic potential such as hydrocarbons, nitrosamine, tar and vinyl chloride and a major source of 4-aminobiphenyl, a hepatic carcinogen which has been implicated as a causal risk factor for HCC [20] . These oncogenic chemicals 
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covalently bind to DNA and form DNA adducts, which play a central role in the carcinogenic process by causing miscoding events in critical genes [21] . One hypothesis is that in current smokers, these genetic abnormalities due to smoking are superimposed on the natural course of C-HCC and thus highly malignant HCC develops. We suspect that this hypothesis will be verified by further studies in the near future.
Another interesting result of the present study is that smoking status was not correlated with DFS in the C-HCC group. Although this may be explained by the carcinogenesis via chronic HCV infection, it seems to contradict our finding that smoking habit was significantly associated with disease-specific survival. Two hypotheses that may explain this contradiction are as follows: (1) The malignant potential of recurrent tumors in the current smokers was higher than that in the other patients; and (2) the number of cases that had relapsed as a metastatic lesion of the resected primary tumor was larger in the current-smoker group compared to the never + Ex-smoker group. To elucidate this point clearly, it is crucial to analyze surgical outcomes based on detailed information regarding post-surgery smoking cessation. Quite regrettably, such data were not available in our database.
Although the inflammation and liver damage associated with chronic hepatitis B also introduce an accumulation of genetic and epigenetic alterations, a direct effect of HBV contributes to the development of B-HCC [2] . HBV genomes can integrate into the host genome and induce chromosomal alterations and insertional mutagenesis of cancer genes [22] . Therefore, B-HCC can develop in the absence of inflammation, which is in stark contrast to C-HCC development [23] . The reason for the different association of smoking status and surgical outcomes between the B-HCC and C-HCC groups may be caused by the differences in carcinogenesis via HBV infection and HCV infection. However, a study based in China that analyzed the surgical outcomes of 302 patients with B-HCC reported that smoking status was correlated with both HCC recurrence and HCC mortality [13] . Therefore, the reason why smoking status did not correlate with the surgical outcomes of B-HCC in the present study may be due simply to the small sample size of the B-HCC patients (n = 68, vs 273 C-HCC patients). The results of our subgroup analyses of the C-HCC and B-HCC patients comparing the current-smoker patients and the other patients were also interesting. The analysis of the C-HCC group revealed that the current-smoker group developed HCC at significantly younger ages compared to the never+Ex group. The current-smoker group was similarly significantly younger in the B-HCC group. These results of the present study and our NBNC-HCC study [11] both showed that current smokers develop HCC at a younger age than other patients, which suggests an additive effect of smoking on the development of HCC irrespective of the virus infection status. The limitations of the present study are retrospectivedesigned study, the small number of patients, and the long study period for enrollment. Information regarding post-surgery smoking status and treatment procedure for recurrent tumor were not available. Although we believe that our results provide important information to elucidate HCC's natural history involving the patients' lifestyle, our findings should be verified by investigations that include detailed smoking information, in large retrospective or prospective studies.
In conclusion, our present findings indicate that a current-smoking habit is significantly correlated with the overall and disease-specific survivals of patients with C-HCC. In contrast, our B-HCC patient group showed a weak association between current smoking and surgical outcomes. Our analyses also revealed that the current smokers were significantly younger than the other patients irrespective of hepatitis viral infection status.
ARTICLE HIGHLIGHTS
Research background
Although cigarette smoking has been recognized as one of the risk factors for hepatocellular carcinoma (HCC), the surgical outcomes and clinicopathological characteristics according to smoking habits of HCC patients remains unclear. We investigate the association between smoking status and surgical outcomes in hepatitis B virus-related HCC (B-HCC) and HCV-related HCC (C-HCC).
Research motivation
We recently analyzed the relationship between smoking status and surgical outcomes in patients with non-B non-C (NBNC)-HCC, and our analysis revealed that smoking habits are significantly correlated with the curatively resected surgical outcomes of NBNC-HCC. We then speculated that if smoking habits truly affect the postoperative prognosis of HCC, smoking habits might also affect the postoperative prognosis of viral-associated HCC patients.
Research objectives
We conducted the present study to investigate the association between smoking habits and surgical outcomes in B-HCC and C-HCC patients who underwent curative surgery, and clarify the clinicopathological features associated with smoking habits in patients with B-HCC or C-HCC.
Research methods
Cases of the 341 consecutive patients with viral-associated HCC (C-HCC, n = 273; B-HCC, n = 68) who underwent curative surgery for their primary lesion were retrospectively examined. We categorized smoking status at the time of surgery into never, ex-and current smoker and analyzed the clinicopathological features and surgical outcomes, i.e., disease-free survival (DFS), overall survival (OS), and disease-specific survival (DSS).
Research results
The multivariate analysis in the C-HCC group revealed that current-smoker status was significantly correlated with both OS and DSS. No significant correlation was observed between current-smoker status and DFS, OS, or DSS in the B-HCC patients of the univariate or multivariate analyses.
Research conclusions
Smoking habit is significantly correlated with the overall and disease-specific survivals of patients with C-HCC, and in contrast, the B-HCC patients showed a weak association between smoking status and surgical outcomes.
Research perspectives
The results of this study support the hypothesis that smoking-associated HCC is with is high malignant potential. It would be a motivation for further research. We expect future research clarify the mechanism of carcinogenesis of HCC via smoking. Our results also can be expected to provide further motivation for smoking cessation.
